INTRODUCTION {#sec1-1}
============

The developing countries are facing an increasing burden of closed head injuries mainly as a result of vehicle accidents so that trauma is now a leading cause of mortality in the under 45 years of age.\[[@ref1]\] Unfortunately, at least half of these have suffered from severe traumatic brain injury (TBI). It is estimated that the main mechanism for TBI in 40-50% of cases is a consequence of diffuse axonal injury (DAI).\[[@ref2]\] In fact, the traumatic head injury sets off a train of pathophysiological events culminating in the progressive neuronal and axonal damage.\[[@ref3][@ref4][@ref5]\] A very prominent feature of this process is the rapid influx of Ca^+2^ to the cell, which alters the permeability of mitochondria and induces release of death proteins into the cytoplasm with the resultant apoptosis or necrosis of the neuron.\[[@ref6]\]

The role of cyclosporine-A (CsA), as a neuroprotective substance, has been evaluated in some animal studies.\[[@ref7][@ref8][@ref9][@ref10][@ref11]\] CsA is a calcineurin inhibitor which temporarily prohibits Ca^+2^ from entering into the mitochondria, the mechanism that is suggested underlying the neuroprotective behavior of the drug. However, the safety profile and efficacy of CsA for use in humans as a neuroprotective drug following TBI has recently been evaluated.\[[@ref12][@ref13][@ref14]\] These studies indicate that the use of CsA may be safe without crucial adverse effects on the immune responses of the patients. Nonetheless, there are randomized double-blind dose-escalation trials which demonstrate neither difference in the mortality rate nor in the associated complications such as infection, renal function impairment, or evidence of liver damage.\[[@ref15][@ref16]\]

Despite strives toward elucidating the efficacy of CsA in TBI and some promising findings reported in clinical trials during last decade, current knowledge about the efficacy of CsA in DAI patients is limited and obscured by many unexplained results. The purpose of this study is to evaluate the efficacy of CsA in neural protection after DAI in terms of improvement in early and late level of consciousness and cognitive dysfunction and also to define major side-effects associated with CsA infusion.

MATERIALS AND METHODS {#sec1-2}
=====================

The study is a randomized double-blind placebo-controlled clinical trial performed on patients suffered from TBI with Glasgow coma scale ≤10 with clinical and radiological evidence of DAI. Isfahan University of medical sciences, Isfahan, Iran and the study was conducted from 2010 to 2012.

Inclusion and exclusion criteria complied for selecting participants has been presented in [Table 1](#T1){ref-type="table"}.

###### 

Inclusion and exclusion criteria

![](ABR-3-35-g001)

The flow of assessment of patients and enrollment is presented in the study flow diagram \[[Figure 4](#F4){ref-type="fig"}\]. We divided participants into two groups each containing 50 individuals: Group A, the intervention group, received 5 mg/kg/24 h cyclosporine as a solution in 250 ml dextrose water (DW 5%) started within 8 h after occurrence of the head injury; Group B, the control group, received placebo as only 250 ml DW 5% started at the same time and continued for 24 h. The nursing staff who prepared the drug was different from those who administered it to patients. The allocation of patients was not randomized and we homogenized them with respect to presenting consciousness level, age, and sex.

![Illustrations for the comparison of blood urea nitrogen. (a) and creatinine (b) levels](ABR-3-35-g002){#F1}

![Hepatic function. (a) Aspartate aminotransferase, (b) alanine aminotransferase, and (c) alkaline phosphatase values for the cyclosporine-A and placebo groups](ABR-3-35-g003){#F2}

![Comparison of the WBC counts. (a) Hemoglobin level (b) and platelet values (c) between the intervention and placebo groups](ABR-3-35-g004){#F3}

![Consort flow diagram-out of 250 patients initially screened for inclusion, 150 were eligible for inclusion, of which 150 gave their written or their guardians informed consent and were recruited. Of the patients recruited, 80 were randomly assigned to Cyclosporine -A arm and 70 to placebo. Finally, follow-up of patients was completed by 100 patients, 50 assigned to Cyclosporine-A and 50 to placebo](ABR-3-35-g005){#F4}

The 8-score Glasgow outcome scale-extended (GOS-E) was used to assess for the neural improvement at 3^rd^ and 6^th^ month after trauma. Death of patient scored 1 and complete recovery scored 8. According to GOS-E scores, we further subdivided patients into bad (if GOS = 1-3) and good (if GOS = 5-8) groups considering their outcome.

We also accomplished mini-mental state examination (MMSE) to evaluate the cognitive status of patients 3 and 6 months after trauma. The MMSE scores were classified as normal cognitive function, (MMSE = 25-30), mild impairment (MMSE = 20-24), moderate impairment (MMSE = 10-19), and severe impairment (MMSE = 0-9).

We took blood samples on admission and at 12, 24, 36, 48 h and on days 4 and 7 afterwards to evaluate complete blood count (CBC), blood urea nitrogen (BUN), Creatinine (Cr), and liver function tests including aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP). We also ordered blood, urine, and sputum culture. Any drug reaction was documented in the patients' medical records.

We calculated the sample size to be 50 patients in each groups.

All information gathered into a data report sheet including anthropometric data, clinical findings, and laboratory tests results, and introduced into SPSS software for windows version 18. We used Chi-square test comparison of qualitative data and *t*-test for comparison of quantitative data and ANOVA test for comparison of the consciousness level at among the follow-up period. We chose *P* value less than 0.05 to be statistically significant.

This study was approved by the Isfahan University of Medical Sciences' ethics committee. All the procedures and course of action were explained clearly to the surrogate decision maker of the patients and appropriate informed consent was acquired.

RESULTS {#sec1-3}
=======

Our study population included 100 individuals suffered from TBI. The baseline characteristics and outcome results of the participants are outlined in [Table 2](#T2){ref-type="table"}. Type II DAI was responsible for the greater number of patients in both groups while type IV was found to afflict few patients. We found no significant difference in terms of hospitalization time between those who received cyclosporine and those who received placebo.

###### 

Baseline characteristics and outcome results of the study\'s population
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We found no significant difference between groups regarding GOS-E scores after 3 months as well as the repeat test after 6 months. All participants at all MMSE examinations were either in the moderate (10-19) or severe (0-9) impairment classes. We found no one with scores high to classify as mild or normal cognitive function. After 3 months, there was no statistical difference between intervention and control groups, which also was the case for the MMSE results after 6 months.

Most patients had no infectious complication and we found no difference between groups in this respect. Seven percent had infectious complications mainly involving the lungs. Although, the death rate reached 15% of the total population, the difference between groups was insignificant.

Assessment of serum biomarkers was done according to a scheduled protocol immediately on admission and at 12, 24, 36, 48 h, and on days 4 and 7 afterwards. Except for the higher BUN level in the cyclosporine treated group at 48 h after admission which came to become statistically significant between groups (*P* = 0.012), the difference in the level of Cr, AST, ALT, and ALP was not significant and all were in the normal range of the laboratory \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

The CBC results showed significantly higher WBCs in the cyclosporine treated group at 12 h after admission (*P* = 0.000); however, the value of hemoglobin and platelets were not different at any of the corresponding measurements \[[Figure 3](#F3){ref-type="fig"}\].

DISCUSSION {#sec1-4}
==========

We designed a study in order to evaluate the neuroprotective efficiency of CsA in patients suffering from DAI and we found no significant effect of this drug on accelerating neurorecovery in the study\'s population in terms of hospitalization time or long-term cognitive status. The dosing schedule of our study resulted in fairly no significant side-effects and it could be said that CsA is a safe drug in this sense with no actual risk of nephrotoxicity, hepatotoxicity, or bone marrow suppression. However, the significant difference in BUN levels at 48 h after admission may have resulted from CsA but because it was in the normal range and the difference did not last through later measurements, we cannot recognize it as a clinically important occurrence. This is also the case for increased WBC count at 12 h after trauma, which we could not see any clinical relevance into it. The rate of infections was fairly similar in both groups.

Our study is limited by the fact that we could not check the CD4 and CD8 subsets of leukocytes and immunoglobulin levels as a result of technical obstacles. So difference in the immune regulation of two groups was judged only as a rough deduction from WBC counts or increased numbers of infections. We also had 15% mortality among the study population which reduced the number of participants for final analysis. On the other hand, the infectious complications, mainly pneumonia, lead to inevitable antibiotic administration which we may not be sure about the possible interactions with the effects of CsA or serum findings.

Regarding previous studies related to our work, we mention some famous literature here. In a randomized placebo-controlled trial in 2006, which was conducted as a phase II clinical trial in order to assess the safety of CsA, the method used was escalation schedule and the 30 participants divided as three groups receiving from 0.625 mg/kg (group I) to 1.25 mg/kg (group II) to 2.5 mg/kg (group III) CsA within the first 8 h after trauma. Although the maximum dose they used was half that of ours, but we also found no side effects related to CsA.\[[@ref12]\] In a randomized placebo-controlled trial in 2006, researchers evaluated the safety and effects of 5 mg/kg/24 h CsA on 36 patients within 12 h after accident. Sixty percent of total 59 participants experienced decreased lymphocyte counts which we did not check in our study. However, the researcher concluded that respiratory infections were consequence of brain injury itself, not CsA, and it may be used safely in such situations.\[[@ref13]\] Our results also agree with this conclusion. In another randomized double-blind study in 2008, 40 patients with severe TBI divided into four groups: Group IV received 2.5 mg/kg CsA as a loading dose no later than 8 h after incident and then placed on 5 mg/kg infusion for 72 h. Their results corresponds those of our study in terms of no difference for death, infectious complications, and end organ failure. These findings are also similar to findings of our study in that the GOS-E scores were not statistically different between groups.\[[@ref15]\] In a multi-center double-blind placebo-controlled trial in 2009, the CsA was administered to 36 patients with severe TBI (while 13 received placebo) at the dose of 5 mg/kg/24 h started within 12 h after trauma. The results were increases, though transient, BUN levels at 24 h and 48 h after treatment and increased WBC count at 24 h after initiation of treatment. No difference in other biochemical factors such as Cr, AST, ALT, ALP, hemoglobin, or platelets were detected. These are fairly similar to the results of our study. In another sense, the results of GOS-E at 3 and 6 months after injury were found not to be different in their study, which we also agree according to our findings. Death rate was slightly higher in their study (20% vs. 15%) but the authors concluded it was not a result of CsA administration.\[[@ref16]\]

CONCLUSION {#sec1-5}
==========

Our results suggest that CsA administration to patients with DAI during first 8 h after damage with the dose of 5 mg/kg for 24 h is safe and no clinically important side-effect may ensue. However, it may not bring about desired effects in terms of neuroprotection and cognitive outcome.

We wish to thank the families of patients who patiently collaborated to the study. We deny any conflict of interest of any kind regarding the conduct or outcome results of this trial. We also thank Farzan institute for research and technology for their assistance.

This clinical trial has been registered in [www.irct.ir](http://www.irct.ir) with the code of IRCT 201311712164N1.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
